Several years ago we discovered how to prepare well-characterized alkylidene complexes of tungsten and molybdenum, and more importantly, how to control their activity for olefin metathesis reactions.' This led to their development as catalysts for the controlled (living) ringopening of cyclic olefins? and created an opportunity in the area of polymerization of acetylenes to polyenes, since one of the proposed methods of polymerizing acetylenes involves an alkylidene catalyst as the active species.3~~3 The systematic synthesis of polyenes became the subject of DOE research. 
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This project began when we showed that the polymerization of TCDT6 (3,4-bistrifluoromethylmcyclo[4.2.2.O2~~]deca-3,7,9-~ene) could be controlled by well-characterized tungsten catalysts7 to give a series of "odd" polyenes containing 2x+1 double bonds if pivaldehyde is employed in the Wittig-like capping reaction, or a series of "even" polyenes containing 2x+2 double bonds if 4,4-dimethyl-trans-2-pentena.l is employed in the capping reaction (equation 1). W(CH-t-Bu)(NAr)(O-t-Bu)2 (Ar = 2,6-Cd3-i-Pr2) was used in the first study, in large part because only the tungsten catalyst was available at the time. In the past grant period we showed that the analogous molybdenum catalyst can be used instead of the tungsten catalyst.8 The molybdenum catalyst, which now is the easiest to prepare in large quantities, gives higher yields of polyene, but the reaction still is exceedingly finely balanced. The biggest problem appears to be opening of the other disubstituted double bond to yield a cross-linked system in which conjugation is disrupted. This problem is especially severe when the unsubstituted monomer is employed.
M(CH-t-Bu)(NAr)(O-t-BUh
The steric role of the c F 3 groups therefore is an important one. They may also have an important electronic role, Le., they deactivate the living alkylidene to a significant extent, an effect that was found for ring-opening of 2,3-bistrifluoromethylnorbomacliene,~ and one that limits secondary Some optical and electrochemical properties of polyenes prepared in this fashion were examined in collaborations. Chance and SilbeyloJ determined the dependence of linear optical properties on chain length, while Bally prepared and examined radical cations of pure discrete polyenes.12 Polyacetylene films also were deposited on microelectrodes and were shown to have a finite potential window of high conductivity.l3 A full paper on this work has now been submitted.
In this paper we report that approximately 20 nominal conjugated double bonds are required in order to observe "classical" conductivity, but that conductivity maximizes when approximately 50 nominal conjugated double bonds are present. No solution electrochemical studies were possible for di-t-butyl-capped polyene samples owing to low solubility.
PolyTCDT/polynorbornene diblock copolymers can be prepared and the polyTCDT block converted to a polyene block. The resulting diblocks proved to be much more soluble in solvents such as THF than the analogous di-t-butyl-capped polyenes. In fact, we could achieve a concentration of polyene approximately three orders of magnitude greater than was possible for the analogous di-t-butyl-capped polyenes. Higher solubility proved to be a key to obtaining good values of the molecular third order hyperpolarkability (y) via EFISH methods in collaboration with A more direct approach to polyenes by the direct polymerization of acetylenes (equation 2 
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was also one of the achievements of the last grant period. We were able to show that polymerization of acetylene itself cun be controlled with a well-characterized alkylidene catalyst,14 but only if a base such as quinuclidine is present in order to slow down the rate of propagation relative to initiation. (Quinuclidine may also stabilize vinylalkylidene intermediates formed in the reaction.) Unfortunately, "living polyenes" were no more stable than isolated polyenes, and so this approach again had its limitations. Direct polymerization of acetylene by Mo(CH-tBu)(NAr)(O-t-Bu)2 was more successful, but inherent polyene instability was still a problem.8
In order to obtain more accurate information concerning the dependence of y on chain length, we sought to prepare polyenes stoichiometrically. We found that it is possible to react a terminal diene with a neopentylidene complex, as shown in equation Wittig-like reaction. They also react with 4 equivalents of t-butoxide ion to give analogous tbutoxide complexes in situ, as judged by the successful synthesis of low polydispersity polyMTD with the expected molecular weight employing the generated t-butoxide complexes as initiators.
Somewhat surprisingly, we also found that polyTCDT can be synthesized from one of the OCMe(CF3)2 telechelic initiators in dimethoxyethane. Therefore either 0-t-Bu or OCMe(CF3)z complexes now can be employed to make polyenes in living polymerizations in toluene or dme, respectively. formation of a five-membered ring in the product of a addition (Scheme I) is fast enough to yield another terminal alkylidene on the time scale of the polymerization reaction, while a six-membered ring is formed in a reaction involving a more reactive terminal alkylidene. Either intermediate alkylidene, but most likely the terminal alkylidene, could react with additional monomer to lead to growth of a chain having "dangling" triple bonds that eventually could be employed to form crosslinks (e.g., equation 7).
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MO- suggesting that no disubstituted alkylidene complexes were present. We tentatively assign the new Ha resonances to complexes in which a five-membered ring or six-membered ring is attached to the alkylidene carbon atom. The absolute molecular weight of all polymers has been determined by on-line solution viscometry on the GPC effluent. Determination of the absolute molecular weight directly in this manner is possible for polymers that may be considered solvated "random coils", and is now routine in our laboratory.
POlyln (1 = dipropargyldiethylmalonate; Table 11 ) is very soluble in DME, THF, acetone, toluene, dichloromethane, chloroform, and acetonitrile, but not pentane. Approximately 5% of a polymer with double the expected molecular weight appears in polylgo, which we ascribe to a small amount of cross-linking through "dangling" terminal triple bonds. No acetylenic C-H bonds were detected in a solution IR spectrum of polylgo. The 13C NMR spectrum of polylso reveals two carbonyl carbon resonances, while the 13C NMR spectrum of poly1 prepared using a MoCl5 catalyst, which is proposed to contain six-membered rings, revealed only one carbonyl carbon resonance.15 Therefore we speculate that POlyln consists of a random dismbution of fivemembered and six-membered rings formed through what is nominally tail-to-tail and head-to-tail cyclopolymerization of the two acetylenic bonds in the monomer, viz. 
